The investigation was aimed to identify the risk factors and gross pathology of liver fluke infection in cattle in Netrokona district of Bangladesh during November 2008 to October 2009. Faecal samples from 350 cattle were examined microscopically using Modified Stoll's ova counting method, 109 (31.14%) were found positive for Fasciola gigantica and mean eggs per gram of faeces (EPG) were 133.03±9.04. Association of liver fluke infection with age, sex, nutritional condition of the cattle; existence of intermediate host, vegetation with infective metacercariae and seasonal trend were also observed through questionnaire survey. Higher rate of infection was found in older animals compared to younger one. The prevalence of Fascioliasis was higher in females (41.36%) than males (13.85%). Significantly (P<0.05) higher prevalence were found in poor health animals than apparently normal healthy animals. Significantly (P<0.01) higher prevalence of Fascioliasis was recorded in winter season (51.33%) followed by rainy (24.24%) and summer season (18.10%). A total of 278 aquatic snails were collected from the study area, among them 7 (2.52%) were infected with Gymnocephalous cercariae. At necropsy, Fasciola infected liver appeared larger with tensed capsule and bile ducts were dilated, thickened with fibrous tissue masses forming the characteristic pipe-stem liver.
Introduction
Liver fluke disease (Fascioliasis) is an important parasitic disease found worldwide affecting sheep, goats, cattle and buffalo, as well as other domestic ruminants. The common causative agents are Fasciola hepatica and F. gigantica which have di-heteroxenous life cycles (Spithill, 1999) which involve (freshwater) lymnaeid snails as intermediate hosts and mammalian definitive hosts (Soulsby, 1982) . The classical diagnosis of Fascioliasis relies on examination of liver and finding of adult parasite or presence of its eggs through fecal examination (Kakar et al. 2011) .
Although Fasciolosis is often described as a diseases of production in many ways it is a 'neglected disease' because it is endemic to most tropical countries and does not affect trade, causes mainly chronic symptoms with few deaths, and important mostly in developing countries with low levels of animal health inputs. Generally in tropical countries when both species coexist F. gigantica is usually endemic in lower regions while F. hepatica is endemic in the high lands (Boray, 1982) . The major endemic areas for F. gigantica are large tropical regions of Africa and many areas of Asia including India, Pakistan and Bangladesh (Mas, 2004 ). That's why, areas like Netrokona district are in high risk of liver fluke endemicity due to its about 80 small and large Haor (plate like low lying area in the earth), low lying land, soil texture, vegetation groups, climatic condition. And also in relation to host and management, traditional husbandry system, malnourished condition and immunosuppression of host, improper sanitation, ignorance of animal health problems contribute greatly for parasite and its vector growth, development and transmission in this environment.
Cattle production is the vital part of our livestock economy (in terms of supplier of meat, milk, draught, hides, bone and other derivatives) in Bangladesh and out of 24 million cattle head, there are about 6,03,300 cattle in Netrokona district (Anon, 2008) . Tropical fasciolosis or liver fluke disease caused by F. gigantica in tropics is a significant disease of our domestic livestock, particularly in cattle causing losses to agricultural and livestock production (Spithill et al. 1999) . The economic losses consist of costs of anthelmintics, drenches, labor, liver condemnation at meat inspection; and losses in production due to mortality, reduction in meat, milk and wool production; and reduction in growth rate, fertility and draught power (Molina et al. 2005) .
Considering the economic importance and pathological effects of liver fluke infection several researchers have emphasized and worked to quantify the prevalence and the economic losses in the various parts of Bangladesh (Rahman and Mondal, 1983; Chowdhury et al. 1994) . Despite of these surveys and reports, complete baseline information is not available yet due to agroecological differences. Therefore, this study was conducted in Netrokona (diversfied agroecology) with the objectives to determine the magnitude of fascioliasis in cattle of Netrokona district, to determine the prevalence of Fascioliasis in relation to age, sex, nutritional status of the animals, seasons of the year and topography of the study area, to know the ecology related to vector snails and herbages and to know the necropsy changes in the liver in case of Fascioliasis in cattle.
Materials and Methods

Ethical consideration
Strict aseptic procedures were followed to keep the animal safe and healthy while collecting fecal samples. Prior consent was obtained from cattle owners and treatment was offered for the infected case with free of cost. (November-February) , summer (MarchJune) and rainy (July-October). Clarify premonsoon and post monsoon for infection in snail. Animals were alienated into five groups: ≤2years, >2-4 years, >4-6 years, >6-8 years and >8 years. Health status was designated as normal condition and poor condition based on body condition score.
Collection of samples
Thirty infected liver sample were obtained from slaughter house of those area. A total of 278 snails and aquatic herbages around snail habitat were also collected for this study.
Coproscopy
Each samples of 20-25 g of fecal material was collected per rectum from the animals in widemouthed screw capped glass bottle or polythene bag containing 10% formalin as preservative. The samples were properly labeled and brought to the laboratory. Modified Stoll's ova counting techniques were followed to detect the fluke egg burden (EPG, Egg per Gram) in fecal samples as described by (Rahman et al. 1996) . The eggs of fasciola were identified according to the keys described by (Rahman et al. 1996) and Soulsby (1983) .
Necropsy
For the determination of the parasite species involved in bovine Fascioliasis and to record the gross lesions, five slaughterhouses in the study area were visited at monthly intervals. Necropsies of slaughtered animals were conducted and livers were checked for the presence of the parasites. Through palpation and incision of dilated or thickened bile ducts, gross pathological lesion of each diseased liver was established and recorded. Records of numbers slaughtered, source of slaughtered stock and the liver lesion(s) observed and condemned were noted. The infected livers were transferred to the laboratory, and all flukes found collected in wide-mouthed bottles containing normal saline. The flukes were vigorously shacked in 1% salt solution and fixed in 10% formalin and identified according to the keys given by Rahman et al. (1996) and Soulsby (1982) .
Investigating the distribution and natural infections of local Lymnaeids snails
Several visits were made to collect a total of 278 snails from different pools, canals, ponds, beels, irrigation channels, rice fields and from the edge of the river Mogra where the water easily get contaminated with faeces of animals, ducks and other aquatic birds. The snails were collected thrice in each pre-monsoon (September-April) and postmonsoon (May-August) period. The snails were either handpicked or collected with the help of scooped-net. Snails were classified as lymnaeids according to shell morphology as described by Malek and Cheng (1974) . Recovery and comparative study of different types of cercariae from snails was done following the procedure as described by Rahman et al. (1996) .
Recovery of metacercariae from aquatic plants
The endemic water bodies in Netrokona are mainly riverine, stagnant water collections, rice fields and numerous irrigation channels, and are rich in vegetations. Common herbages were collected from several villages and examined with naked eye for small rounded brownish to black metacercariae. For identification of the herbages the descriptions of Karim and Kabir (1995) was followed. Recovery of metacercariae from herbages was done as described by Rahman et al. (1996) .
Statistical Analyses
Statistical analyses were carried out by Statistical Package for Social Science (SPSS) using F test and paired sample t-test. Odds ratio were calculated according to the formula given by Schlesselman (1982) .
Results and Discussion
Overall prevalence and intensity of infection Among 350 faecal samples examined, 109 (31.14%) were found infected with Fasciola gigantica (Table 1) which is supported by the findings of Kakar et al. (2011) who reported 24.6% cases of bovine liver fluke infection from necropsy study. This result is higher than the earlier report of Garrets (1975) and much higher than the reports of Singh et al. (2009) who recorded 22.4 and 19.3% prevalence of Fascioliasis in cattle, respectively. On the other hand, the rate of infection which is found in this study is much lower than the earlier findings of Rahman and Mandal (1983) (2002) who recorded 53 and 70% Fascioliasis in cattle in Bangladesh and India, respectively. The variations in the findings with the earlier reports might be due to the difference in the sample size, selection of samples, breed of animals, period and place of study, climatic conditions of the experimental area, and technique of sample examination, managemental factors and the availability of the infected snail intermediate hosts.
The mean faecal egg counts (EPG) per animals found in this study was133.03 ± 9.04 with a range of 100-500. This range of EPG is slightly lower than the previous study of Chowdhury et al. (1994) , who recorded 100-400 EPG with an average of 138.3 ± 4.27 in cattle. This result is much lower than the result of Contreras et al. (1979) who found 200-280 EPG in cattle. This variation might be due to the variation in breed of animal and the load of parasites in the liver and the collection and examination technique applied. It may also vary with the period of infection and time of collection of samples. Sewell (1966) found the fluctuation in the number of Fasciola egg count per gram of faeces which rises rapidly for 7 to 10 weeks after the first eggs are observed and there after it is very variable and may be very low even in a heavily infected animals and this greatly reduces the values of faecal egg counts as a diagnostic technique.
Upazila wise prevalence of Fascioliasis
In the present study, highest infection of Fascioliasis was found in Madon (42.47%), followed by Atpara (33.33%), Kendua (30.77%) and Sadar (25%) and Purbadhala (23.61%) upazila (Table 1 ). Yet EPG count was highest in Madon and lowest in Kendua, the reason behind this variation can't be explained clearly due to lack of adequate research information about the ecology and geography of those areas.
Seasonal influence in the prevalence of Fascioliasis in cattle of Netrokona district
Persistent infection of bovine Fascioliasis was prevailed throughout the year with significantly (p<0.01) higher prevalence in winter season as 51.33% followed by rainy season as 24.24% and hot summer season as 18.09% as shown in Table 2 . This finding also confirms the findings of Islam (1991) and Bhutto et al. (2012) . El-Bahy (1998) reported that, the presence of infection throughout the year may be due to resistance of metacercariae for dissociation, especially with the presence of the shallow water, enough vegetation and humidity, continued exposure of the animals to encysted metacercariae from the banks of canal or ponds, especially during the dry season and no restriction on animal importation, grazing habits and movement between the infected and treated localities. This statement is also applicable for the present study.
Age related prevalence of Fascioliasis in cattle
The age of the animals is considered as a major factor in the prevalence of Fascioliasis. Fascioliasis was observed significantly (P<0.01) higher in cattle aged above 8 years (65.63%) and lower in the younger animals and the lowest in cattle of ≤2 years of age (7.84%) as shown in Table 3 . The infection rate increased with the increase of age. This result is in agreement with the earlier findings of Molina et al. (2005) and Bhutto et al. (2012) . Bhutto et al. (2011) noted the highest level of infection in older group i.e., above 6 years (62.62%) followed by in age groups of 4-6 years (57.28%), 2-4 years (42.56%) and up to 2 year (17.87%). But result of this study is appeared dissimilar to the previous reports of Rahman and Mondal (1983) and Islam (1991) who reported that there was an age limit in the prevalence of Fascioliasis in cattle. The higher infection rate in older animals could be due to long time exposure to disease entity and their grazing habit close to submerge areas.
Sex related prevalence of Fascioliasis in cattle
There was difference in the rate of infection in between the male and female cattle. In the females it was higher (41.36%) than males (13.85%) with an odds ratio of 4.38 which were statistically insignificant ( Table 3) . The results of the present study are in agreement with the findings of Molina et al. (2005) and Bhutto et al. (2012) who observed higher prevalence in females as compared to male buffaloes. This finding is also in conformity with the previous reports of Chowdhury et al. (1994) . The higher percentage of infection in the females can't be explained exactly but it might be assumed that hormonal influence as well as stress leading to immune-suppression may be associated with this phenomenon.
Nutritional status related prevalence of Fascioliasis in cattlle
This study revealed that the nutritional status had a significant (p<0.05) effect on the Fascioliasis in cattle. Prevalence of Fascioliasis was found higher in poor health condition cattle (39.92%) than normal health condition cattle (9.68%; Table 3 ). This finding coincides with the finding of Pachuri (1995). It appears that malnutrition in animals increases their susceptibility to the parasitic infection. It may also so happen that, the poor and weak health of animals due to any other causes are not able to resist the challenge of infection and subsequently become weaker and loses condition.
Seasonal prevalence of Gymnocephalus cercariae in the snails
This study revealed that the higher prevalence of Gymnocephalous cercariae (Fig. 3) in snail host Lymnaea luteola (Fig. 2) during post monsoon (May to August) as 2.89% wherever it was 1.90% in premonsoon (September to April) which is indicated in Table 4 . The emergence of cercariae from the snails in December and January indicates that the snails were infected in October and November when the water bodies starts to recede and cause a concentration of the snail intermediaries. The seasonal high prevalence of Gymnocephalous cercariae in the snails found in this study confirms the reports of Qadir, (1982) and Morel and Mahato, (1987) .
Metacercariae on the herbages
Herbages like rice plant (Oryza sativa), jonlydal/ futki (Hygroryza aristata),Helancha/ harkuch (Enhydra fluctuans), kanainala (Cyanotis axilaris), kuchuripana/water hyacinth (Eichhomia crassipes), jaladurba/ water rush grass (Sporobolus tremulus), arial/swamp rice grass (Leersia hexandra),and maloncho (Gomphrena sessilis) were found in the study area and large number of metacercariae were found about one inch below from the tip of the leaf and about three inches above the water surface on the leaf and stem of of Jonglydal/ Futki (Hygroryza aristata) (Fig. 4) . The presence of metacercariae on the herbage was interlinked with the presence of cercariae in the snails. Large numbers of metacercariae were found from May to September with a highest peak in August. As because, metacercariae survival is reduced in hot conditions and the duration of their viability is directly related to relative humidity and inversely to temperature and exposure to sunlight (Spithill et al. 1999) . High-rainfall areas favour development and survival of both the intermediate host snail and the developmental stages of the parasite.
Gross pathological changes in the liver of cattle
In Fasciola gigantica infected cases, the liver was found enlarged and the capsule was tense. Focal white spotted necroses with scattered deep red spots were observed on various parts of the parietal surface of the liver. The bile ducts were dilated and thickened with fibrous tissue mass forming the characteristic pipe-stem liver. Hard calcified mass was found in different parts of the liver parenchyma. Numerous haemorrhagic spots and focal necrosis were found on the cut surface of the liver parenchyma. Both the mature and immature parasites were found in the bile ducts (Fig. 5) . The affected bile ducts were markedly thickened and there was fibrosis in the duct wall. These findings substained the earlier findings of Sukhapesna, 1992 and Velusamy, 2002 . Thickening of bile duct is due to chronic nature of Fasciola infection. 
Conclusion
Prevalence of fasciolosis in Netrokona is attributed by multifactorial risk factors which comprises host, parasite and environmental effects. In the natural foci of fasciolosis, the Fasciola and their intermediate and final hosts form an association posing a potential epidemiological threat and it is important that the existence and localization of such an association to be recognized beforehand so that the situation can be brought under control. It will also act as a baseline survey in the relevant field.
